The mammalian pineal gland is an important component of the circadian system. In the present study, we examined the expression of roughly 8000 genes in the rat pineal gland as a function of time of day under light-dark (LD) cycles and in constant dark (DD) using oligo DNA microarray technique. We identified 47 and 13 genes that showed higher levels at night and day, respectively, under LD. The same patterns of expression were also observed in DD. About half of the genes that peaked at night have a known biological function, i.e., transcription factors and proteins that are involved in signaling cascades, whereas 14 are expressed sequence tags and 8 have an unknown biological function. Twelve of the genes that were up-regulated at night were also up-regulated after 1 h NE stimulation, thus suggesting that the expression of these genes is controlled by adrenergic mechanisms. Of the 13 genes that were up-regulated in the daytime, 6 coded for proteins that are involved in intracellular signaling pathways. The results obtained with microarray analysis were well correlated with data obtained using real time quantitative RT-PCR. The present results provide new materials to dissect and understand the pineal physiology. #
Introduction
In mammals, melatonin is synthesized by the pineal gland and its synthesis is under direct control of the central circadian pacemaker that is located in the suprachiasmatic nucleus (SCN) of the hypothalamus (Klein et al., 1997) .
Previous studies have shown that at night, norepinephrine (NE) is released from the sympathetic nerve endings and activates the adrenergic receptors located in the pineal gland, the activation of adrenergic receptors leads to the transcriptional activation of the arylalkylamine N-acetyltransferase (Aanat, the rate limiting enzyme of melatonin synthesis) gene via CRE (cyclic AMP response element) and thus to the activation of circadian melatonin synthesis (Baler et al., 1997; Maronde et al., 1999) . The adrenergic mechanisms also regulate circadian Period1 gene expression (Takekida et al., 2000; Fukuhara et al., 2002) , further suggesting that the SCN via the adrenergic mechanism is responsible for circadian events in the pineal gland.
In the recent years, the DNA microarray technique has been successfully used to study circadian gene expression in the SCN, liver, heart, kidney, and fibroblasts (Grundschober et al., 2001; Akhtar et al., 2002; Duffield et al., 2002; Kita et al., 2002; Panda et al., 2002; Storch et al., 2002; Ueda et al., 2002) . The picture that is emerging from these studies indicates that in each tissue or organ a certain number of genes (approximately 2-10%) are under circadian control.
In a previous study using DNA microarray, we reported that in the rat pineal NE stimulation affects regulation of several genes; 44 and 29 genes were up-or down-regulated more than 2.5-fold, respectively (Fukuhara et al., 2003) . The purpose of the present study was to investigate the overall gene expression in 12 h light:12 h dark (LD) and in constant darkness (DD) in the pineal gland using Affymetrix GeneChip array (Rat Genome U34A). Our data demonstrate that in the pineal gland a limited number of genes (about 2%) are rhythmic in LD and DD conditions.
Materials and methods
Male rats of the Wistar strain (Charles Rivers Laboratories, Wilmington, MA, USA), 6-week-old at purchase, were adapted to 12-12 h (lights on, 07.00-19.00 h) LD cycles for 1 week before the start of the experiments. Animals were www.elsevier.com/locate/neures Available online at www.sciencedirect.com Neuroscience Research 60 (2008) 192-198 
